Abstract-This work reported in this paper exploits a network of inexpensive wireless sensors to improve the energy efficiency of desktop computer usage in a major business or campus environment. Computer users frequently leave their desktop machines permanently switched on or in sleep mode when finished using them, in order to quickly resume work when returning. This results in unnecessary power consumption for a relatively small return in terms of user convenience. Eliminating this unnecessary power consumption without sacrificing user convenience is what our research achieves. The novelty of this work is that it achieves this goal using ambient sensors to establish user context.
INTRODUCTION
There has been much recent research into electricity monitoring from a range of research communities, including Toller et al. who investigated the energy usage patterns of the Swedish building and real estate management sector [5] , and
Bristow et al. who exploited current data-rich energy
monitoring technologies to analyze hour-by-hour greenhouse gas emissions for a low-energy condominium design [4] . In a business context the problem of electricity usage is particularly driven by a growing and sometimes excessive expense of maintaining one of the most common office devices: the desktop computer. The ubiquity of computers in the office has presented an energy conservation challenge. Computer manufacturers continue to design more 'green' energy-efficient machines and many countries legislate for a carbon tax on the emissions caused by heavy-duty energy usage. Additionally energy providers are installing smart meters in homes and businesses order to inform users of their usage. This feedback has been shown to increase energy-usage awareness, with a typical saving of 5-15% [6, 9] or 5-12% [8] and a summary of the work done in this area can be found in Hazas et al. in [10] .
A less frequently explored influencer of energy consumption is the human element. While the focus has been on informing users of energy usage, with good reason as it makes them more energy-conscious [3] , our work examines the effect of automating the power-management of a device (the desktop computer) for a set of users (workers in an office) based on establishing the users' contexts. The aim is to support existing user behaviour as much as possible rather than challenge it as previous research has done [6] . This in turn will lead to a greater saving without the need to enforce a policy
The authors gratefully acknowledge support from Science Foundation Ireland under grant 07/CE/I147, CLARITY CSET 978-1-4577-1250-0/11/$26.00 ©2011lEEE and then intelligently choosing when to power them up from off when their associated users return to the building. Desktop computers can be remotely triggered in response to a user being sensed by the network in a situation appropriate for action, for example after returning to the office in the morning or coming back from lunch. The system takes into account the whereabouts of the user and the time since they have been seen when activating their machine. Users arrive at their desk to a powered on computer with no inconvenience or delay.
II.

ApPROACH
This paper outlines a new and novel approach to the use of wireless sensor networks for energy saving, by using them to detect users in a space and control their energy usage based on their contexts. In its current implementation this is ideal for office computer management, but the general concepts introduced could easily scale to home use with the correct sensor deployment.
This approach is designed to leverage the fact that our energy-conservation intentions can be foiled by our needs. In order to have a working computer ready to use in the morning it is easier to leave it on overnight than wait for it to boot up.
Any hindrance in usability without feedback or visible personal improvement will stop us from making savings in energy use and C02 emissions.
Rather than shutting down computers completely on a schedule, which would hinder users and not accurately mirror activity resulting in sub-optimal use, we attempt to understand the user's activities in a space and work to fulfill their needs. In our approach the mobile phone's Bluetooth, a technology that exists in all modern handsets, uniquely identifies the user.
While this is a well-accepted personal identifier, application developers have leveraged this for security purposes such as locking a computer or even physical locks; this has never been used in conjunction with a web of sensors to contextualize the data which can be gathered on beluetooth presence. The contextual web that drives this energy management has many other uses, some of which are touched on later.
Given the problem of inefficient energy usage due to user requirements it is desirable to control the power flow of an office building based on the context of the users present in the building. We have therefore created a new application for wireless sensor networks in the energy-saving domain, using network-detected events to trigger energy-saving activities, independent of user control. This approach is designed to be supportive of user lifestyle in order to optimize their desktop computer's power consumption based on their actual usage, with little overhead in order to give them an uninterrupted experience.
III.
METHODOLOGY
Our system is designed to make use of the machines that exist in a physical network around us. Like the network distributed through a house for an alarm system this technology could in future be deployed discreetly in the home for its purpose, here we have outlined a network that detects users' mobile phones and uses them as a form of identification, that tells the system where, within the physically distributed network, a user is. Armed with this location the system can infer the best course of power-saving action. Our own Since not only the current position of the user is stored but also their historic movements through the sensor space the network can, if needed, predict when someone will need their computer, even if they are not detected. This enables a more complex modeling of user energy consumption in future, especially with a well-blanketed area covered by sensors. Basic modeling is done in order to make decisions on whether to attempt to tum on a machine for example, if the user is seen entering the building 5 minutes after they left then their machine will still be on for them, and it makes no sense to attempt to power it up. We can also use the statistics to make assumptions about when a user will be around based on the number of times they are seen in an average day. 
ANAL YSIS
In our trial deployment of this system we set up a network of sensors designed to intelligently map user movement in a two-storey building on a University campus. In order to adequately cover the area we used sensors placed at the entrance, first floor and second floor respectively. These three MAC minis were already in use as newsfeed displays, an example of the embedded computing frequently seen in an office space. Using these we logged 3,500 unique Bluetooth devices over a 3-month period.
EVALUATION 1 -SINGLE COMPUTER
In order to test the comparative energy saving of this method we measured the power usage at the plug of two desktop computers, over two weeks. During the first week both machines were used as normal, and during the second the sensor network controlled them. The users were instructed not alter their behaviour or usage in any way during the tests in order to produce accurate results. Their energy usage was averaged to produce the following results: • Normal • With Sensor Given this excellent level of energy saving, we examined the possible benefits that this energy saving would have in a real-world environment. Our real-world example is the recorded logins in a set of 3 computer laboratories used during a typical month by computing students in a major university.
These areas are more high-traffic than offices filled with workers but provide real statistics on computer usage, in a manner that is indicative of users spending short periods on machines between classes and tutorials. In this environment all the machines are left on for users to pick and choose whichever one they favour, an inefficient practice that exists in order to accommodate human behaviour. Each lab has 50 desktop machines, which vary in make from older models, which use on average 108 watts to newer that use a more energy efficient 48 watts while on. We collected data on 2,588 logins for 139 unique machines. The average time between one login and the next was 1 hour, 7 minutes and 58 seconds. For an evaluation we assume that after that time the currently logged in user has logged out, and the computer should shut down. Using these numbers results in a total of 1,802 hours, 54 minutes and 49 seconds of idle full-powered computers, on top of the 11 computers that are powered but never used (5,280 hours assuming they use basic power management to turn on at 6am
and off at 10pm [2] showed that 44% of Germany's computer-using workforce leaves their computers on when they leave their office. Assume an office building with 500 modern energy-saving computers, each assigned to a user, and working 5 days, 8 hours per day. If 44% of users leave their computer in sleep or idle mode, using our intelligent power management would save an average of up to €542.41 in just one month, which equates to almost 2 tonnes of carbon dioxide. From our own tests we have found that a conventional desktop computer could consume as much as five times less energy than when they are intelligently managed, many for the sole convenience of not having to wait for the machine to boot in the morning. Our work will examine the power-saving potential of the approach in a real-world office space of 140 computers with users who spend short bursts of time with their computers during office hours.
As machines become more and more efficient in their energy consumption and move close to their optimum in terms of energy efficiency, human activity and human control of energy usage comes under ever-closer scrutiny. It is clear that our wasteful habits unfortunately prove very difficult to unlearn, especially if there is an associated inconvenience to us.
Our research seeks to wrap technology around our habits as painlessly as possible, without any downsides, while reducing energy usage and carbon emissions on a large scale. The benefit to society is that computers are switched on only when they are needed, with no inconvenience or delay to the end user.
